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Abstract 
This project report is a sequel to a report made by last years 1. semester students called 
Nitrogen Leakage. At that time their goal was to answer the question: How to prevent 
nitrogen leaching? Among other things, what caught our attention was that they had chapters 
of nitrogen and soil and the DAISY model, but they seemed very weak to us so we decided 
that we could do better than that in respect to the theory. The purpose of this project and the 
purpose of the other isn’t the same. We draw on the same main subject which is nitrogen in 
connection to the groundwater, but our approach is different. We focus on the ability to use 
the DAISY model in the attempt of reducing groundwater contaminations as a result of nitrate 
pollution (with focus on sources connected to agricultural management since it is the only 
domain of the DAISY model) and in that relation we will come across different theoretical 
subjects like agriculture, biology, pedology(the science of soils), hydrology, health, models in 
general and the DAISY model in short.  
 
This will form our understanding of this project and enable us to try to give a qualified answer 
to the question: What is the usefulness of the DAISY model in the attempt to reduce 
groundwater contamination? 
The answer to this question will however require data and graphs, showing simulations done 
by DAISY and then the subsequent political impact. It has been relatively easy to find data 
and graphs of simulations done by the DAISY model, but to find traces of politicians changing 
the structure of society as result of the simulation results provided by DAISY, is a project in 
itself and we have not been able to find such traces. 
 
A bad point about this report is that it has a character of being separate chapters instead of 
one unity. This leaves it’s marks throughout and are the result of a poor project process. 
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Introduction to project 
Problems analysis 
In a modern world we find ourselves in a growing number of specialized and increasing in 
complexities fields of study, they are the different paradigms in which human beings can 
develop an understanding of the world. And it is not just pointing to an academic, scientific 
sphere, but also to the spheres of application or the living urban(consumers) sphere in which 
we use new products or new techniques and in turn get to understand the world in a thereby 
derived fashion.  
What we wish to emphasize by saying this, is the fact that when seeing the world with only 
one “kind of glasses” (llike a farmer trying to find ways to get the highest yield out of his 
crops) you don't get to regard things that are not directly connected to what you are looking 
at (like the farmer being concerned with finding the right fertilizer to gain high yields, and 
then using the prescribed doses as set by the producer, or using a little bit more in the 
expectancy that he would gain even higher yields - unaware of the effect on underlying water 
tables or even aware of the existence of these water tables). This has the effect of creating 
the possibility of undesirable features to occur, and in a more densely populated world with 
limited natural resources, this is a risk that we less and less can afford to take. 
 
Around 150 years ago, in 1857, the first industrial fertiliser factory was built [Source: 
www.Barking-Dagenham.gov.uk, 2005], however the initial discovery of the synthetic fertilisers (the 
superphosphates) can be traced back to 1808 [Source: www.ul.ie/~childsp 2005]. The real 
commercial landslide started in the beginning of the 20th century but by the statistical 
evidence that we have found, we have only been able to track the development back to 1960 
(World values)  
  
[Source: www.potashcorp.com/investor_relations/industry_overview/2004/agricultural_review/page_12.zsp] 
 
The problem at that time, and to some extent current times aswell, is that fertilizers are 
marketed as “miracle cures” for the crop – minerals taken from the natural air in the sky, 
utilised to ensure the production of strong crops(imaginable commercial advertisement). The 
glorification of products is in general a standard feature of distributors and producers when 
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selling anything on a market, and it tends to give products a suggestive appeal that they have 
no flaws.  
In the case of the fertilisers, one undesirable feature is that it, when given the right 
conditions, leaks through the soil layers and contaminates (by nitrate, NO3
-) the groundwater.  
The process of leaching will depend on specific hydrogeological properties of the soil and the 
distance to the groundwater table. In European countries this could be as much as 40years 
[Source: www.grid.unep.ch/product/publication/freshwater_europe/ecosys.php], meaning that current levels of 
nitrate in the groundwater results of the application 40 years ago. This can arouse some 
concern when compared to the figure above showing the rising use of fertilizers in general 
after 1960.  
 
All this is well documented with numbers and graphs as are shown above. They are describing 
models and can be used to make prescriptions on how to and how not to manage a farm in 
respect to groundwater contamination.  
Another thing which is gaining more focus since the last 20 years, is to make models that can 
predict what will happen if, for instance 50kg/ha fertiliser is used at this time of year. These 
models are called simulation models. 
The models can vary greatly in their descriptions of the system, some models are huge and 
complex while others are simple. And where we might think that a model which is more 
detailed and complex than any others will give the most correct values, we know that is not 
the case. Comparing simulation models with actual data, is the act of validating the model. 
 
Having models simulate the effect of using fertilisers on a field is a very desirable thing and 
many models have been developed. The picture below shows the number of soil organic 
matter (SOM) models by geography and the number of currently active experiments. 
The figure to the left shows the nitrate concentrations with data from Austria, Belgium, Bulgaria, Denmark, 
Estonia, Spain, Hungary, Lithuania, Latvia, Netherlands, Slovenia, Slovakia. The peaks (96/97) mostly 
caused by single very high contaminations. 
The figure to the right is to compare with the use of fertilizer-N.  
[Source: United Nations Environment Programme at www.grid.unep.ch/product/publication/freshwater_europe/ecosys.php] 
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The experiments serve to validate the models, because as mentioned earlier not all models 
perform equally well. 
Time goes and models that perform well are being implemented and used widely while models 
that don't perform well are either further developed or dismissed altogether. 
 
What we wish to do in our project is to try to investigate how groundwater contamination can 
be predicted by using the Danish DAISY model. The reason for choosing the DAISY model 
specifically is because we saw it mentioned in our initial inspirational text report. This report 
was written by last years 1st semester students [Akane, 2004] and has the title Nitrogen 
Leakage. When reading this report we noted that theory chapters were a bit “thin” and their 
description of the DAISY model was very unclear. So we decided to continue their report but 
with more focus on these aspects. (This also the reason why the title of this report is Nitrogen 
Leakage part 2) 
 
 
Problem formulation 
First we want to state that during this project our problem formulation have been modified to 
what we now hold as our actual problem formulation. 
The different problem formulations can be seen below: 
 
(1. Used at the midterm, until 3/11 2005) - DISCARDED 
Why groundwater quality is decreasing globally? 
What make the groundwater contains more and more nitrogen? 
How does the nitrate affect the health of being? 
How does the nitrate get into the groundwater and affect the quality of the ground water? 
DAISY-model. 
 
Illustration 1. Soil Organic Matter (SOM) models registered at 
SOMNET [Source: www.rothamsted.bbsrc.ac.uk/aen/somnet/intro.html] 
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How to prevent nitrate leaching into the groundwater from the fertilizer? 
 
(2. Suggested by our supervisor Anders, 11/11 2005) - DISCARDED 
What is the usefulness of DAISY in the attempt to reduce groundwater contamination? 
 
(3. Modification of Anders' together with Claus' suggestion at midterm, dec. 2005) - KEEP 
> What is the usefulness of DAISY in the attempt to reduce groundwater contamination? 
--> Is DAISY at all relevant, isn't it obvious that the more nitrate we use on the fields, the 
more nitrate leaches to the groundwater? 
 
 
Project limitations 
An overview of the limits and the resources available is a good thing to keep in mind while 
making a project. The resources and limits of any project can usually be outlined by such 
parameters as: Time, Economy, Knowledge, Technological resources. 
 
Time 
The project lasts from 26th of September to the 2nd of January 2006. Giving it a total of 10 
weeks of 18 hours and almost four weeks of 30 hours. 
This gives the opportunity to cover an extensive amount of literature or time demanding (four 
weeks and an iteration) experiments.  
Given our problem formulation we will use the time for research and maybe if we have time, 
we will have do experiments.  
 
Economy 
The amount of money that we have at our disposal is uncertain, but in the case of missing a 
substance for doing experiments it might be possible that that it can be provided by the 
University. Aside from that there is the option of doing a fundraising on Danish or 
international funds of interest.  
However, the outlines of our problem formulation call for little expenses. It could be money 
for acquiring a specific scientific journal which the library doesn't already give access to, or 
trips to go interview different persons involved in some way. It could also be a matter of 
money if we are making experiments. 
 
Knowledge 
At our disposal we have the entire library together with the non-RUb databases provided, our 
supervisor who teaches mathematics, our individual high school/previous academic knowledge 
and the Internet. 
Since so many resources are available to us, it is important to become familiar with the type 
of information. Since most of our project will be research-based it is important to find out how 
to use the library, and how to acquire knowledge in general at RUC.  
None of us know about the DAISY model or have much knowledge in advance about the 
different sciences (hydrology, pedology, agro-biology, agronomy) because they are mostly 
highly specialised subjects. 
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Technological resources 
For this aspect we are provided with 24hour access to the facilities of our house. This provides 
us with computers with Office, MatLab, Gimp(picture editing) installed and an internet 
connection. However we are running restricted-user accounts so we are not able to install the 
DAISY model by ourselves. Depending on booking-calendar we also have access to the 
laboratories at RU. 
 
 
Workplan 
 
Ideal workplan 
20/10-05 
21/10-05   To discussion and plan the draft about midterm paper: 
(Problem formulation; introduction; (maybe)soil Daisy model; N pollution; Agricultural….) 
28/10-05 
3/11-05     Midterm. /hand in (12:00am to the secretary) 
4/11-05     from today to do every part detailed 
10/11-05    presentation (talk about the draft)   (13-16pm) 
11/11-05 
18/11-05 
25/11-05     1.Finished individual work; 2. Beginning preparation of work presentation 
26/11-05      beginning to modify and combining the project together.  
2/12-05      Discussion, conclusion 
21/12 05     Hand in the big project   (12:00am) 
16/1-06      presentation(9:00-12:00am) 
 
Real workplan 
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20/10-05 
21/10-05   To discussion and plan the draft about midterm paper: 
(Problem formulation; introduction; (maybe)soil Daisy model; N pollution; Agricultural….) 
28/10-05 
03/11-05     Midterm. /hand in (12:00am to the secretary) 
4/11-05     from today to do every part detailed 
10/11-05    presentation (talk about the draft)   (13-16pm) 
11/11-05 
18/11-05 
25/11-05     Wu Zhen finished 1. draft of Nitrogen chapter. Paul revise and send back. 
26/11-05      
02/12-05      
19/12 05      Received different chapters except Daisy, begin to combine and edit. New chapters: 
problems analysis, problem formulation, discussion, conclusion 
01/01-06    Finished Daisy, Discussion, Conclusion + reedit of “Agriculture and Plants”, 
“Introduction to Nitrate” and “Society” 
02/01-06    Finished report: send to printer  
16/1-06      presentation(9:00-12:00am) 
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Illustration 2. Picture of rhizobium bacteria 
at the root of a plant [Source: Bagge, 2003] 
Theoretical basis 
Ethymology – A usefull list of scientific words for this report 
Leguminous plants 
 Plants which are able to form into symbiosis with nitrogen-fixating bacteria(rhizobia). 
Denoting plants of the Pea family. 
Pedology  
 A more extraordinary word for soil science. 
Rhizobia (rhizo, “root”)  
 Bacteria living by the roots of some plants (contained within the 
“vesicles” of the roots, shown on the picture). They are able to 
fixate atmospheric nitrogen by using the enzyme nitrogenase. 
Requires anaerobic conditions for respiration. 
Arable 
 Land which is suitable for growing crops [Source: 
Dictionary]. 
Metabolism 
 “The chemical process that occur within a living organism in order to maintain 
life.”[Source: Dictionary]. It can be subdivided into: constructive metabolism (for example 
for a plant this would be the same as the Photosynthesis) and destructive metabolism 
(for the same plant this could be illustrated by the process of Respiration). 
Pasture 
 “Land covered with grass and other low [growing] plants suitable for grazing animals, 
esp. cattle or sheep.” [Source: Dictionary]  
Agronomy 
 “The science of soil management and crop production.” [Source: Dictionary] 
Basal 
 “Forming or belonging to a bottom layer or base.” [Source: Dictionary] 
Carcinogenic 
 A thing that can cause cancer. 
Anoxia 
 Synonym for the disease Hypoxia and is a sickness of oxygen-deficiency. 
 
 
Nitrate and Agriculture 
Agriculture is the main cause of widespread groundwater and surface water contamination 
with nitrate. 
 
The main inputs of N to agriculture are the soil organic N, fixed by rhizobia, and fertilizers. 
About nitrogen fixation we discussed detail in nitrogen cycle. So now we want to emphasize 
fertilizer application. In next chapter “About Soil” we will analysis fertilizer’s type and the 
timing of application. Here we only want to discuss how nitrogen influences agriculture. We 
know that the main source of nitrate pollution in the groundwater results from the farming 
activity, and many farmers have stepped up their use of nitrogen fertilizers. During the 
Nitrogen Leakage part 2 Page 10 
 
fertilizer application, there will be more or less nitrogen leaching. If farmers increase the using 
of fertilizer N, it will result in greater percentage of N contained in crop residues, if the 
nitrogen can not be released, it will lead to nitrogen leaching.  
 
Common fertilizers in the agriculture 
  Using fertilizers is an important measure for get to jarless and high output in the agriculture. 
Along with agriculture’s ceaseless evolution, the fertilizers also are used more and more. So 
this case has become a universal direction. The people also change to use variety of the 
fertilizers from single fertilizer to more fertilizers and mixed fertilizers. 
 
Commonly, we can take the fertilizers to staple: nitrogenous fertilizer, phosphorus fertilizer, 
kalium fertilizer, mixed fertilizer, ect. 
 
Now, we will talk about nitrogenous fertilizer to pollute environment. 
 
What are nitrates; how do agricultural nitrates cause water pollution 
Nitrates enhance plant growth. However, there are not enough nitrates naturally available to 
allow crops to grow to their full potential, and so farmers apply nitrates to their fields, in the 
form of inorganic fertilizers and organic manures, to enable maximum crop yield from each 
hectare of land. 
However, not all sources of nitrates are always accounted for, and so the amount of nitrates 
applied to the soil is often greater than the crop requires. This increases the risk of nitrates 
escaping into the water environment (ground and surface waters). As a result, nitrate levels 
are on the increase. This is of concern because nitrate can contribute to eutrophication, 
which harms the water environment. Also, excess nitrate has to be removed before water 
can be supplied to consumers. 
[Source: www.defra.gov.uk/ENVIRONMENT/water/quality/nitrate/intro.htm] 
 
Nitrogen Inputs From Agriculture  
Agricultural activities, primarily row crop and livestock production, account for over 80 percent 
of all nitrogen added to the environment. 
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Figure. Agriculture accounts for over 80% of nitrogen input into the environment. 
[Source: USGS; Nonpoint and point sources of nitrogen in major watersheds in the U.S. (Pucket, 1994) 
(www.ewg.org/reports/Nitrate/NitrateUse.html)] 
 
Losses by leaching of nitrate 
“Nitrate lost by leaching depends on the water content and water-holding capacity of soils and 
on the amount of water moving through the soils.” (The nitrogen cycle, London The Royal 
Society, 1982). The movement of nitrogen from soil to water results in the losses by leaching. 
If the water-holding capacity of soil is strong enough, nitrates can hardly entering either 
surface water or groundwater. In particular, fertilizer affects nitrate entering the groundwater, 
because redundant nitrogen which can not be absorbed by plant will pass soil and then leak 
into groundwater.   
 
The fertilizer N 
Fertilizer is the single largest source of nitrogen. The increasing use of fertilizer N results in 
larger crop residues from arable crops containing a greater percentage of N. It will also lead to 
nitrogen leaching. In our project, we discuss two different forms of nitrogenous fertilizer: 
ammonium and nitrate. Ammonium is easy to absorb for the growing plants. It is easy to keep 
in the soil, nitrate can also be absorbed by growing plants but it is difficult to keep in the soil. 
So we advocate using ammonium when farmers fertilize. That is one way to solve the nitrate 
leaching problem.   
 
Nitrogen transports into soil 
 
This figure shows the nitrogen flow in the rooting zone of a “typical” arable soil. We can see 
that there four ways of input N into rooting zone, the fixed nitrogen exists in organic matter. 
[Source: B.T. Tightening the Nitrogen Cycle, 
2004] 
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From output, we found that there is one way lead to denitrification leaching. That is nitrate 
leaching form fertilizer, and some parts of nitrate are from atmospheric deposition.  
 
The problem of losses of nitrogen from agriculture 
Loss of nitrate from the soil affects not only the soil quality but also water quality. Nitrate 
entering surface water like lakes and rivers, can create environmental problem, we called 
eutrophication. “Losses of nitrogen from the soil-plant system not only relate to the 
environmental component of soil quality. If lost nitrogen is not replaced by management, the 
soil pool of mineralizable and thus potentially plant-available nitrogen will gradually be 
depleted. This will reduce not only the productivity of the agroecosystem, but will also affect 
the nutritive quality of the products.”(The nitrogen cycle, London The Royal Society, 1982)  
 
 
Nitrate and Plants 
The nitrate for widely exists in the natural environment the chemical substance, specially in 
soil and plant in body. In after the soil nitrate can pass through by the plant absorption the 
protein, which the assimilation metabolism synthesis needs. Therefore the nitrate naturally 
exists to crops in body, does for the cell body fluid nitrogen and the protein synthesis 
forerunner matter. The drought makes the vegetables generally to absorb fertilizer of the 
nitric acid condition nitrogen primarily, if in the vegetables of absorption rate the nitrate is 
bigger than the assimilation progress, then plants the body to have the accumulation massive 
nitrate risk of. 
 
1. Pollution ways 
The plants how can pollute by the nitrate because nitrate pollution the plants have many 
ways. The main problem is from three ways such as : 
• Though waste water, exhaust gas, waste residue pollution environment from 
the industry 
• Farmer use a mount of the fertilizer to the crop   
• Rubbish from the living. 
 
2. Inorganic nitrogen and crop's relations 
The nitrogen is most important element speaking of plants is except carbon, hydrogen and 
oxygen, also is important matter for constitution living matter. May generally divide into by 
the plant absorption inorganic condition nitrogen shape the ammonium condition nitrogen and 
the nitric acid condition nitrogen, the ammonium condition nitrogen can directly enter the 
valley amino acid circulation to assimilate; The nitric acid condition nitrogen must first return 
to original state become to ammonium condition nitrogen, then to be possible to use. This 
process must consume much energy. The plant absorbs the excessively many ammonium 
condition nitrogen to accumulate is planting in body to be able to cause the ammonia to be 
poisoned; Is opposite to the ammonium condition nitrogen, the nitric acid condition nitrogen 
actually far compares the ammonium condition nitrogen in the plant in body accumulation 
toxicity for to be low, therefore the plant in body accumulation nitrate radical ion is one kind 
of natural phenomenon. Therefore speaking of the common plant, the nitrate radical ion is in 
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the majority of soils the main effective nitrogen shape, enhances after the fat intensity, the 
plant is easier to accumulate high content of nitrate radical ion in body. 
 
3. Content of nitrate in the plant 
For example: Nitrate-nitrogen of various forages harvested at different stages of maturity, 
fertilized with 100 lbs. N/acre. (Department of Agronomy) 
 
Percent nitrate-N Species 
3 inches to 6 inches 10 inches to 14 inches Bloom 
Orchard grass 0.35 0.38 0.11 
Tall fescue 0.15 0.10 0.03 
Brome grass 0.02 0.02 0.01 
Blue grass 0.08 0.11 0.05 
Timothy 0.21 0.25 0.06 
Wheat 0.09 0.04 0.01 
Sudan 0.18 0.48 0.52 
Alfalfa --  --  0.04 - 0.07 
[Source: http://extension.missouri.edu/explore/agguides/agchem/g09804.htm] 
Though the hereinbefore table we can get some conclusion 
• In different kinds of plants’ different growth process, the plants well gets different 
percent of nitrate 
 
• In mature plants, nitrate accumulates primarily in stems and stalks, with greatest 
concentration in the basal area 
 
• Sudan harvested at the earliest stage had not absorbed the fertilized nitrogen. A 
higher level of nitrate in Sudan with more maturity indicates either a lower enzyme 
capacity to reduce nitrate, better root systems or a less than adequate supply of 
water. Alfalfa harvested late in the season, following drought and high temperature, 
may contain an abnormal quantity of nitrate. 
 
• Though Yields may be low unless a small amount of nitrate is present in corn and 
sorghum stalks at silage time. Forage sorghums may contain more nitrate than corn 
due to the distributing of nitrate within the plant. As corn and sorghums mature and 
grain develop, nitrate decreases in the stalks and leaves. Residual nitrate will 
generally decrease or disappear during ensiling if the crop is not damaged and is 
ensiled at proper stage. 
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Soil 
 
Abstract of soil 
What is soil? That looks like a simple problem. As we know the soil is always called “dirt”. In 
people’s concept: the soil is dirty, dust, and also the soil is always been undervalued in 
natural resource. People almost think about there is not different from each soil, but that is 
error. In the fact the soil is an important basic natural resource. It is dependence for all of 
lives, especially it imposable for human, because human’s basic food is no more than crops 
and meat. And crops there are all from plants and meat is from livestock. But the livestock 
also need get protein and vitamin from plants, however just plants can get organic matter 
from soil.  
 
 
 
The picture shows us soil is an important part in human’s live. Everyone should depend soil to 
get habitat and energy. After this we can see how important the soil is! So we should give a 
new value for soil. 
Human depend soil, but when we don’t realize how important it is, there will be haven some 
serious. The human just use the soil, but never produce it. Then the soil will lose some 
capacity. The plant can’t grow as quickly as soon and when there is some pollution in soil that 
will be bad for plant and also indirect for human. In about recently 50 years the people just 
want to produce more and more crop, because the population of the world increases by a 
beeline rise. So the farmers use more and more fertilizer in the farm. They think that if the 
more fertilizer is used the production will increase. Then the more and more N fertilizer P 
fertilizer and K fertilizer used in field. Year by year the more N P and K element can’t use; 
they keep in soil and broke the structure of soil. The soil can’t supply enough energy to plant, 
so when the farmers put more and more fertilizer in field not only increase production then on 
the contrary. Now the N element keeps in soil that takes us a serious problem. So our group 
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wanes to take a alarm for all of the people. Then we search N element in soil groundwater and 
plant. 
 
Structure of soil 
Soil is a system that makes up by solid gas and liquid. 
Solid of soil include organic matter in soil and minerals in 
soil. The mineral in soil is the main part of soil. The 
quality percentage is more than 90 percent, and the 
organic matter of soil is about from 1 to 10 percent. 
Most of field soil is about 5 percent, also on the top of 
soil. The liquid soil is moisture content or aqueous solute 
in the soil. There are many intervals full of air that is gas 
soil. There are about 35percent volume is the 
interval full of air in the typical soil. That is why 
the soil is sparse. Account by volume, in the ideal 
soil the mineral in soil is about 38 to 45 percent, the 
organic matter of soil is about 5 to 12 percent, and interspaces is about 50 percent.  
       
Solid gas and liquid structure in soil 
 
Soil mineral matter 
The main soil mineral matter is root in the rock of the earths’ crust. It can affect the quality 
structure and function of soil. There are primary mineral matter and secondary mineral matter 
in soil.  
 
Primary mineral matter  
The primary mineral matter is almost the rock (magma of rock) of chipping. The rock of 
chipping is the magma rock by weathering, so that the chemical structure and crystal 
conformation didn’t have been changed. Generally the sand or powder from 1mm to 0.01mm 
is primary mineral matter. There are 4 main kind of primary mineral matter: silicate mineral 
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matter oxide mineral matter sulfide mineral matter and phosphatic mineral matter, hereinto 
about 80% is silicate mineral matter in the magma rock. 
 
Secondary mineral matter 
The secondary mineral matter is made from the primary mineral matter by chemical 
weathering. So the chemical structure and crystal conformation had been changer. Those 
include simple compound mineral matter trioxide mineral matter and secondary aluminum of 
silicate mineral matter. The simple compound mineral is about: e.g. calcite(CaCO3) 
dolomite[Ca, Mg(CO3)2] gypsum(CaSO4•2H2O) and so on, but all of that eluviate and lose so 
easily, so just a few can keep in soil. The trioxide mineral matter: e.g. limonite(2Fe2O3•3H2O) 
and (Al2O3•3H2O) and so on. The secondary aluminum of silicate mineral matter: kaolinite and 
others. The trioxide mineral matter and the secondary aluminum of silicate mineral matter is 
the thinnest in soil mineral matter. The diameter of them is small 0.25mm, almost called clay 
mineral matter. The most physical and chemical quality of soil will rest with clay mineral 
matter, especially the amount and kind of secondary aluminum of silicate mineral matter is a 
main.  
 
Soil organic matter 
 
Soil organic matter is an appellation what it include compound of carbon. There are ulcer 
carcass and soil live form. The entire compound ulcer is the main part that is about 50%-
60%. There are living in soil by dissociative. They have a very influence for soil in physical 
and chemic. 
 
Soil water  
The soil water is a main part of soil. The main soil water is from precipitation or irrigation. And 
some other is from steam in air. That has been changed water by cool. After that the water 
comes into soil. As a result of soil pellet has surface attraction then that can keep parts of 
water. And the different kinds of soil will keep more or less water. Of course the solid water 
isn’t the fresh water. It is a solution by many kinds of element in soil, and pollution solution. 
This is just liquid soil, but this water can’t use by human. That just can be used by plant and 
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the soil water is important in the soil. It isn’t just the sustenance for the plant; it also can 
keep the pollution’s balance. The matter can take the pollution from soil system another 
environment cycle. 
 
Soil air 
The soil gas is almost like air in atmosphere. The main elements are N2, O2 and CO2, but there 
are some different between the main and solid gas. The first is the soil gas is just in the 
interval that isn’t a continuum, but the air is full of holes atmosphere. 
The second: the O2 and CO2 contents have very larger discrepancy. The CO2 percentage is 
only 0.02-0.03 percent in the air. But in soil gas that is 0.15-0.65 percent, and sometimes is 
high to 5percent. As a result of the plants breath and organic matter decompose content is 
soil gas lower than the air, and there are some reduction gases in the soil gas. For example 
CH4, H2S, H2, NH3 if the soil has been polluted then there also perhaps has some pollution in 
the air.  
 
 
Nitrogen in soil 
 
Summary 
Nitrogen is a very important element in the world. Nitrogen is the main part make up protein 
for biology, so that can’t be lost. The human use more and more nitrogen in farm when they 
found nitrogen is good for plant. They don’t think about any more, just think about if more 
nitrogen has been used in field then the plant will get more and grow much faster. So more 
and more N fertilizer have used in the field. Year by year the more fertilizer can’t be used so 
just live in the soil and can’t be found. By the science developing the human know they had a 
serious mistake. However it is a little late, but it is better nothing had been found. The 
nitrogen takes some pollution for us, so we need do some thing for that. 
 
Origin and distribution of nitrogen 
Some 75000Mg of nitrogen is found in the air above 1 ha of soil. The atmosphere which is 
78% gaseous nitrogen (N2) in content appears to be a virtually limitless reservoir of this 
element. But the very strong triple bond between two nitrogen atoms makes this gas quite 
inert and not directly usable by plants or animals. Were it not for the ability of certain 
microorganisms to break this double bond and to form nitrogen compounds, vegetation in the 
terrestrial ecosystems around the world would be rather spares, and little nitrogen would be 
found in soils. 
The nitrogen content of surface mineral soils normally ranges from 0.02 to 0.5%, a value of 
about 0.15% being representative for cultivated soils. A hectare of such a soil would contain 
about 3.5 Mg nitrogen in The A horizon and perhaps an additional 3.5 Mg in the deeper layers. 
In forest soils the litter layer (O horizons) might contain another 1 to 2 Mg of nitrogen. While 
these figures are low compared to those for the atmosphere, the soil contains 10 to 20 times 
as much nitrogen as does the standing vegetation (including roots) of either forested or 
cultivated areas. Most of the nitrogen in terrestrial systems is found in the soil. Most soil 
nitrogen occurs as part of organic molecules. Soil organic matter typically contains about 5% 
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nitrogen; therefore, the distribution of soil nitrogen closely parallels that of soil organic 
matter. 
Except where large amounts of chemical fertilizers have been applied, inorganic nitrogen 
seldom accounts for more than 1 to 2% of the total nitrogen in the soil. Unlike most of the 
organic nitrogen, the mineral forms of nitrogen ate mostly quite soluble in water and may be 
easily lost from soils through leaching and volatilization. 
(The book: the nature and properties of soils. Thirteenth edition 546page) 
 
The nitrogen cycle 
As it moves through the nitrogen cycle, an atom of nitrogen may appear in many different 
chemical forms, each with its own properties, behaviors, and consequences for the ecosystem. 
This cycle explains why vegetation can continue to remove nitrogen from a soil for centuries 
without depleting the soil of this essential nutrient. The biosphere does not run out of 
nitrogen, because it used the same nitrogen over and over again. The nitrogen cycle has long 
been the subject of intense scientific investigation, for understanding the translocations and 
transformations of this element is fundamental \to solving many environmental, agricultural, 
and natural resource problems.  
(The book: the nature and properties of soils. Thirteenth edition 546page) 
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N fertilizer use for soil  
When the farmer used fertilizer they should be know how to use the different kind of fertilizer. 
When the more N fertilizer has used in soil will change PH of soil. That will let soil solution 
have a bigger value of electric, when the heavy metal into soil will release H+. so that the soil 
will display acidity. When the roots absorb NH4+ and NO3- they excrete different of ions. 
When they absorb NH4+ they excrete H+, and when they absorb NO3- they excrete OH-. 
Different nitrate affect the soil on the same way but their intensities are different. Because the 
environments around the roots are different the competences of absorbing heavy metal are 
different. 
 
Because of the nitrification, when N gets into soil and produces NH3 and make the content of 
Hg in soil water get higher. 
 
Depends on different we should chooses different fertilizers special for the soil which has been 
polluted by Hg and the soil which is acidic.       
 
 
Groundwater 
 Sometimes we thought that 
water flows through underground 
rivers or that it is collected in 
underground lakes. Groundwater 
is not only confined by a few of 
channels or depressions as the 
same way that the surface water 
is concentrated in streams and 
lakes. It exists almost everywhere 
underground. It is found in the 
spaces of underground which is 
between particles of rock and soil, 
or in crevices and cracks in rock. 
Groundwater normally is 100m 
from the surface. 
 
Groundwater is from the surface water the surface water, the surface water first passes 
through the zone of aeration or unsaturated zone. In this zone, a mixture of air and water fills 
the spaces between the rock and soil particles. From here, water is taken up by plant roots, 
discharged into a body of water, or flows down to the next zone, which is the zone of 
saturation or saturated zone. Here all the spaces between particles are completely filled with 
water. The top of this zone is called the water table. Contrary to popular belief, groundwater 
is not an underground river or lake. Rather, it is all the water below the water table stored in 
subsurface void spaces. An aquifer is the geologic material that stores, transports, and yields 
groundwater to wells. 
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Groundwater exists everywhere under landscape and is vitally connected to our rich surface 
water resources. And the pollution of groundwater is a serious problem. The pollution from 
agricultural is one of the major contaminants. 
 
How does nitrate leach groundwater? 
Nitrate from manure and fertilizer leached to groundwater through both sandy and clay-rich 
sediments, when fertilizer or manure were applied at rates more than plants required. The 
amount of leached nitrate increased significantly as the amount of excess nitrogen increased. 
 
How does the groundwater affect the soil? 
Some times we just thought the pollution in the groundwater is from the surface water and 
the soil, and the pollution only makes the quality of groundwater get lower and lower, but the 
groundwater doesn’t affect the soil. 
Externally it’s not correct, the affection between the groundwater and the soil is reciprocally, 
because the plants on the surface are broken and the water from the wetlands makes the 
infiltration of surface water get weaker. and also because the superfluous necessary of fresh 
water of factories, they bail out too much freshwater from the groundwater, all of these 
reasons make the water table get lower and lower. And lot of irrigation can make the 
infiltration get stronger, and the water table will even get to the surface. When the dry season 
come, because the strange evaporation the soil which is full of water will begin to get dry and 
the groundwater under the soil will get higher and higher saltines, then the quality so the soil 
will get bad and in the further there will no plants can grown in that kind of soil. 
 
Groundwater need protection 
From the introduction of groundwater, we know how the surface water through the soil and at 
last gets to groundwater level. But recently years more and more nitrate fertilizer is used in 
farm filed and because the fertilizer supplied more nitrate than the plants need, the rest of 
nitrate will get into groundwater with irrigation water. The groundwater pollution is not only 
from the farmland but also from the dirty water which is from our daily life and also from 
some factories and some other regions which discharging polluted water. As a very important 
source of drinking water if the quality of groundwater gets lower, it will affect our health 
straightly. But the fact now is that with the chemical technology getting higher and higher the 
using of chemical is also getting higher and higher in our production or daily life. With more 
and more pollution from human the quality of groundwater is getting lower. That’s mean the 
quality of our drinking water is getting lower, maybe some years later we can even not drink 
groundwater because the really bad quality. And then we lose our most important source of 
drinking water.       
Even though sometimes we might not use it directly as drinking water supply, we must still 
protect groundwater, since it will carry contaminants and pollutants from the land into the 
lakes and rivers from which other people get a large percentage of their freshwater supply. 
 
How can we protect or improve groundwater quality? 
The groundwater has been polluted a lot even though we know how important it is for us now. 
So we also want to find out a way to protect groundwater or improve the quality of 
groundwater. We think if want to do that, it must be done all around the word, because the 
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water system runs globally. First we think some rules should be made by governments and 
second we should text the quality of groundwater very often and completely. So then we can 
really know it’s getting better or worse. We also need to do something with the fertilizer, we 
can try to find some new fertilizer to instead the one we are using now. We can also just use 
less or don’t use fertilizer in farms. And then there will not so much nitrate which is out of 
supply left in the soil and gets into groundwater. 
 
 
Introduction to Nitrate 
The purpose of this introduction of nitrogen is to let ourselves get a greater understanding of 
nitrogen, but also to give the readers a better comprehension of this content. 
 
What is nitrate? 
Nitrate is an inorganic compound that occurs under a variety of conditions in the environment, 
both naturally and synthetically. Nitrate is composed of one atom of nitrogen (N) and three 
atoms of oxygen (O); the chemical symbol for nitrate is NO3. Nitrite (NO2) can be formed from 
nitrate by a chemical process called reduction. Nitrate does not normally cause health 
problems unless it is reduced to nitrite. 
Nitrate in drinking water is measured either in terms of the amount of nitrogen present or in 
terms of both nitrogen and oxygen. The federal standard for nitrate in drinking water is 10 
milligrams per liter (10 mg/l) nitrate-N, or 45 mg/l nitrate-NO3 when the oxygen is measured 
as well as the nitrogen. Unless otherwise specified, nitrate levels usually refer only to the 
amount of nitrogen present, and the usual standard, therefore, is 10 mg/l. 
Short-term exposure to drinking water with a nitrate level at or just above the health 
standard of 10 mg/l nitrate-N is a potential health problem primarily for infants. Babies 
consume large quantities of water relative to their body weight, especially if water is used to 
mix powdered or concentrated formulas or juices. Also, their immature digestive systems are 
more likely than adult digestive tracts to allow the reduction of nitrate to nitrite. In particular, 
the presence of nitrite in the digestive tract of newborns can lead to a disease called 
methemoglobinemia. 
[Source: http://pmep.cce.cornell.edu/facts-slides-self/facts/nit-heef-grw85.html] 
 
Simplified Biological Nitrogen Cycle 
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[Source: www.ce.utexas.edu/prof/maidment/gishydro/docs/reports/evans/rep95_2.htm] 
 
From the early 1960s, farmers all over the world had stepped up their use of nitrate 
fertilizers. Accounting for about 90 percent of that which leaches to groundwater. Fertilizer 
usage more or less leveled only about 15-20 years ago, but ground water nitrate continues to 
increase. The continue increase is depend on the length of groundwater residence times. It 
will increase until aquifers equilibrate with modern nitrate loading rate. Global fertilizer use 
has grown nine times in that time. And a big part of fertilizer was waste in the soil and 
dissolved into irrigation water and flows to the surface water and groundwater, the part flows 
into groundwater makes the quantity of nitrate in ground water higher and higher. So the 
groundwater will get harmful for our health. 
But the nitrate from the fertilizer is not affect our healthy straightly, because when the nitrate 
from the fertilizer its chemical construction will begin to change to be nitrite. And as we know 
the nitrite can cause cancer or make animal die. So that’s the way the nitrate pollute ground 
water and affect human’s health. 
 
1. Brief about nitrogen 
Nitrogen, in the form of dinitrogen(N2), makes up 78% by volume (76%by weight) of the 
Earth’s atmosphere. Unlike oxygen (O2), the other major component of the atmosphere, the 
free state of nitrogen has a low chemical reactivity and is not directly available to the majority 
of living organisms. One consequence of this is that a lack of available nitrogen is often a 
major factor limiting plant growth, and the application of nitrogenous fertilizers, produces 
greatly increased crop yields. 
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In fact, there are many different forms of nitrogen, but here is listed a few common forms. 
Gas: N2, N2O, NO, NO2 
Liquid: (normally dissolved in H2O): NH4
+, NO2
-, NO3
- 
Solid: normally it is stored in organic matter and it is a component of proteins. 
Nitrogen is one of the major nutrients that is needed for the plants, a so called macro-
nutrient. So it is widely used chemical in the agricultural area. 
 
2. Nitrogen cycle 
“Nitrogen is important to all life. Nitrogen in the atmosphere or in the soil can go through 
many complex chemical and biological changes, be combined into living and non-living 
material, and return back to the soil or air in a continuing cycle. This is called the nitrogen 
cycle [Source: http://muextension.missouri.edu/explore/envqual/wq0252.htm].” “The nitrogen cycle is 
dominated by reactions involving biological material. All the reactions in the series. 
N2 (dinitrogen) NH3 (ammonia)NO2- (nitrite)NO3
- (nitrate)amino acidsproteins. All 
these processes and their reverse can be (and is most oftenly) carried out by microorganisms 
Natural inorganic reaction mechanisms do not produce ammonia from dinitrogen; however, 
high temperatures (caused by lighting in natural systems, furnaces and automobile engines in 
industrial systems) can cause N2 and O2 to combine to form nitrogen oxides. These oxides are 
gradually removed from the atmosphere as nitrates. This extra supply of nitrate supplements 
the nitrate produced by microorganisms. 
 
 
[Source: http://muextension.missouri.edu/explore/envqual/wq0252.htm]  
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The activities of humans have altered the nitrogen cycle. Some important processes involved 
in this alteration include: 
• The application of nitrogen fertilizers to crops has caused increased rates of 
denitrification and leaching of nitrate into groundwater. The additional nitrogen 
entering the groundwater system eventually flows into streams, rivers, lakes, and 
estuaries. In these systems, the added nitrogen can lead to eutrophication. 
[Source: www.physicalgeography.net/fundamentals/9s.html] 
 
Ammonification 
When plants and animals decay, the more complex molecules are utilized by various 
organisms and eventually converted into simpler molecules or ions. The nitrogen-containing 
compounds eventually form ammonia or ammonium ions. 
(NH2)2CO + H2O  2NH3 + CO2 
 
Denitrification 
Bacteria change nitrate in the soil to atmospheric nitrogen, which joins the atmosphere. 
5CH2O + 4NO3
- + 4H+ 2N2 + 5CO2 + 7H2O 
 
Nitrification 
This conversion of ammonium ions to nitrate is essential for the growth of the majority of 
plants, as they are able to absorb nitrate but not ammonia or ammonium. 
4NH4
+ + 6O2  4NO2
- +8H+ + 4H2 
4NO2
- + 2O2  4NO3
- 
 
Volatilization 
Turns urea fertilizers and manures on the soil surface into gases that also join the 
atmosphere. 
 
Runoff 
Carries the nitrogen in fertilizers and manure and the nitrogen in the soil into our rivers and 
streams — a concern for water quality. 
 
Leaching 
Carries nitrates so deep into the soil that plants can no longer use them, producing a dual 
concern — for lost fertility and for water quality, as nitrates enter the groundwater and the 
wells that provide our drinking water. 
 
3. Nitrate in water supplies 
Nitrate has many cause and result impact on water quality.  Contamination occurs when there 
is more nitrate in the soil than plants can absorb. The excess is carried through the soil into 
groundwater supplies by rainwater and irrigation.  
Naturally, agricultural areas, where heavy farming is performed, tend to have more nitrate-
contaminated water supplies than other areas such as while cropping using plenty of fertilizer, 
and stockbreeding increase the amount of the animals and animals’ manure than the nature 
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cycle balance etc. However, contamination can also occur from surface water runoff and from 
septic tanks leaching into wells.  
The underlying soil and /or bedrock conditions are also the condition influence the nitrates 
enter the ground water. If depth to groundwater is shallow and the underlying soil is sandy, 
the potential for nitrates to enter groundwater is relatively high. However, if depth to 
groundwater is deep and the underlying soil is heavy clay, groundwater contamination from 
nitrates is not likely.  
While nitrates get into the groundwater, it will influence human and animals health. It can 
course toxic, hemoglobin disease, deformity even death. 
 
 
Society 
The harmful effects of nitrate on society increases due to the poisonous effect it has on 
people’s health. Nitrate has many ways to enter a person's body and destroy his/her immune 
system. The most important paths are from groundwater and from farm crops. When nitrate 
(NO3
-) enters the body, it will change into nitrite(NO2
-) and then nitrite will change to 
nitrosamine (NH4NO2) and this acts as a carcinogenic and/or an anti-thyroid gland function. 
This shows that nitrosamine is very harmful. So to control the nitrate and nitrites' intake is a 
very important measure for protect peoples’ health.  
 
If people ingestion a lot of nitrite will Cause the high speed railway hemoglobin disease and 
organization- anoxia and could also cause a lowering of pressure in the blood vessels and the 
blood vessel extending. In 1994, the Food and Agriculture Organization of the United Nations 
and World Health Organization(WHO) set a standard for nitrate and nitrite acceptable daily 
intake-values (ADI value), is 5 mg/ kg.bw and 0.2 mg/ kg.bw in everyday. It is because if 
people absorb nitrate amounts of 0.3-0.5 g it will cause an immediate poisoning and 3g will 
cause death. 
 
If people or animals get too much nitrite it can cause the disease methemoglobinemia. The 
process of converting nitrate to nitrite takes place in the gut. Then nitrite combines with 
hemoglobin to form methemoglobin, thus decreasing the ability of the blood to carry oxygen. 
Infants are more susceptible to nitrate poisoning than older children or adults. Fatalities are 
rare, but acute methemoglobinemia can be asymptotic while affecting development, making 
the condition particularly insidious. Chronic consumption of high levels of nitrate may also 
cause other health problems, for example some cancers and teratogenic effects; data are 
inconclusive, but cause for concern. 
The symptom are: unresponsive, reduce the work ability, giddy, loss of consciousness. 
1. The Organization anoxia 
2. Nitrite will cause the paralysis for around the vas. 
3. And also can make the blood vessel extend and the blood pressure to lower. 
4. After the baby was born 6 months, he will easy to get the Organization anoxia. 
Another name for this decease is blue baby. 
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Signs of coarctation of the aorta include: 
• Cyanosis. A blue tint to the skin in the lower portion of the body due to lack of 
oxygen-rich blood in that area (often called blue baby in infants). 
 
• High blood pressure in the upper body. 
• Cold, swollen feet or legs and low blood pressure in those extremities. 
• Weak or absent femoral artery pulse (the pulse generally felt in the groin area) and 
stronger carotid artery pulse (felt in the neck). 
[Source: http://heart.healthcentersonline.com/congenitalheartdisease/coarctationoftheaorta3.cfm] 
 
5. This decease makes breathing difficult and in the end he/she will die. 
6. If the foetus in the mother’s body before born 6 months, the nitrite will cause a 
deformity. 
 
Where we get the nitrate 
In people’s lives, we can get the nitrate from different sources and mostly this means from 
the groundwater and crop. 
When the farm use a lot of fertilizer to the plants and the plants get so much nitrate, then will 
let a part of the nitrate will go to the soil and another part will accumulate inside the plants. 
Then when people eat this crop they will get the disease. 
Why we also can get the nitrate from the groundwater. It is because our life cannot disjoin 
with the groundwater. From these years. The content of nitrate in the River and groundwater 
is growing and growing and has a negative influence due to:  
 
• The agriculture uses a lot of nitrogenous fertilizer and chemical pesticides.  
• The factory let three kinds of rejectamenta (waste water, exhaust gas, waste residue)  
• Active sewerages. 
• Mining 
Etc… 
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When the content of nitrate surpasses the prescribed values, people who drink the water will 
become poisoned. 
 
Suggestions 
Information about Nitrate in groundwater 
 
As 
Level 
(mg/L) 
Interpretation  
0 - 44  
Below the drinking water standard. The nitrate level is safe for 
humans and livestock.  
45-176  
Higher than the drinking water standard. The water should not be 
consumed by infants six months of age or younger, or by pregnant 
or nursing women. It may be acceptable for adults and livestock 
though it is not recommended.  
NO3 
176+  
Significantly higher than the drinking water standard. The water 
should not be consumed. Install a water treatment system or use 
bottled water for drinking and cooking.  
0-9 
Below the drinking water standard. The nitrate level is safe for 
humans and livestock.  
10-39  
Higher than the drinking water standard. The water should not be 
consumed by infants six months of age or younger, or by pregnant 
or nursing women. It may be acceptable for adults and livestock 
though it is not recommended.  
NO3-N 
40+  
Significantly higher than the drinking water standard. The water 
should not be consumed. Install a water treatment system or use 
bottled water for drinking and cooking.  
[Source: www.valleywater.org/Water/Water_Quality/Protecting_your_water/Nitrate_in_groundwater.shtm] 
 
How to reduce the concentration of the Nitrate in the water? 
While we know the water already have infected with high level Nitrate, then I would like to 
suggest the following below: 
 
For private use 
1. Stop use the water. Because boiling the water before drinking it does not remove nitrate. 
In fact, it causes some of the water to evaporate, which increases the nitrate 
concentration. 
2. Purchasing bottled water, require water supplier exact test results to customers. In 
generally, distilled or mineral-reduced water is more likely to have low-nitrate levels than 
spring or mineral water. 
3. Hauling your own water from springs, lakes, rainwater, or streams can be risky, both 
because of the unknown levels of nitrate and because of the possible presence of other 
contaminants, especially bacteria. Private wells also present the risk of unknown nitrate 
levels, but are more likely to have been tested for bacterial contamination. 
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4. You can treat the water to remove the nitrate. Treatment technologies that remove 
nitrate include reverse osmosis, distillation and using ionization to anion-exchange. Each 
type of system has advantages and disadvantages, and no single system will correct all 
water quality problems. If you purchase a system, be clear about the type of system that 
you need, and ask for a guarantee that the system will remove nitrate contamination. 
 
For public use: 
Municipal water supplies are another potential source of low nitrate water. City water supplies 
often come from large lakes or reservoirs where any source of nitrate is likely to be diluted by 
the large quantity of water. 
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Real phenomena 
Real system 
Simulated phenomena 
Simulation model 
Interpretation of system 
Models in general 
The act of trying to make models that explain the 
world is something that scientists have been doing for a 
long time. If saying that different parts of the real world can 
be regarded as systems and each system is the same as the 
specific area of the world, then a model is the attempt to 
analyse, reduce or by other means describe the behaviour of 
a well-defined system [Gregory, 2000]. 
 
The term “system” can in its essence apply for all 
defined and undefined relationships or interactions occurring in the real world. But when 
modelling we analyse and reduce its complexity so for instance if modelling an ecosystem 
where many different processes occur simultaneously and uncoordinated and in various 
degrees of interrelationship, focusing on the process of denitrification (the transformation of 
soil bound N into gaseous N2) we know that it is a result of many different parameters such as 
the number of active bacteria, the rate of growth and decay for these bacteria which in turn 
relies on availability of nutrients for such bacteria, climatic environment(temperature optimum 
for bacteria) and the levels on any inhibiting parameters.  
But when modelling we simplify and we make the assumption stating that for instance the 
development of carbondioxide in the soil is a direct effect of the activity of the bacteria, and 
therefore the denitrification can be regarded as proportional to the soil carbondioxide 
concentrations. 
 
 
Mathematical models 
The mathematical models which constitute the language of any of these models can be 
divided into two main groups: Empirically-based and Theoretically-based. 
An empirically-based model is a model which is created by making ”best fits” on a number 
of different parameters of ones specific interest and choice. It is a method which is very 
limited in its application because it is only valid for one specific case, and if you want to use it 
for other places, a complete recalibration is needed and maybe other parameters are 
introduced. Another limiting attribute is that it holds a very vague ability for extrapolation and 
it is therefore equally uncertain to use it to predict anything that goes beyond the data 
present. However this is a feature that can vary depending on the specific character of the 
system which has been modelled. 
A theoretically-based model is a model which relies on some scientific knowledge. 
Whatever kinds of theories available about this certain system can be put into the model and 
this means that the model can exceed the actual data of the system up to the limit defined by 
the theories being used. These theoretical statements could derive from biology or physics or 
even sociology as long as the theoretical sciences provide opportunity to do so. 
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The form of most models, empirically-based or theoretically-based, can be organised into six 
variables: decision variables, input variables, state variables, exogenous variables, random 
variables, and output variables as shown on the sketch below.  
 
 
In the DAISY model they call it Driving variables instead of Exogenous variables, but they can 
also be referred to as parameters. 
The state variables are dependent on all the variables on the left. State variables describe the 
actual state of the system at the defined moment. It is in these variables that the real 
mathematics lie in forms of usually differential equations. 
 
White and black-box models 
Another way of describing the two maintypes of models is in terms of white- and black-boxes.  
 The empirically-based model can be regarded as a black-box-model because it, in its 
essence, doesn't know and can’t say what is really going on inside the system. And since we 
are not providing it with the functional form of the relations between the parameters, it is just 
giving us mere lines drawn between different chosen parameters. The functions for these kind 
of models are usually of a general type because they have to be applicable for a large array of 
systems. This could be functions like the linear y = ax + b where the numerical values are 
also something we have to provide to the model.  
 The white-box model is on the other hand a model to which there is a full set of a 
priori information ready for the model. When having a scientific theoretic foundation of a 
system, it is possible to provide the model with a priori-knowledge usually given in the form of 
ordinary differential equations (also ODE for short – an equality 
involving a function and it derivatives) describing how different 
aspects of the system changes over time. A thing to notice about 
white-box models is that any model describing a real-life system 
would never become completely white-box because reality can never 
be seen in its pure state, but is perceived through human by any 
means available. The extent of our perception can then be questioned, but this is altogether a 
philosophical discussion. 
 
Drawing 1. Overview of the names of variables in mathematical models. [Inspired by: 
http://en.wikipedia.org/wiki/Mathematical_model] 
State variables 
Decision variables 
Input variables 
Exogenous variables 
Random variables 
Output variables 
Illustration 3. The general 
formulae of an ODE 
[http://mathworld.wolfram.com/OrdinaryDi
fferentialEquation.html ]
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Validating a model 
When the model is finished, whether it is empirically-based or theoretically-based, it has to be 
investigated if it really can be used to describe this system it is designed for. This process is 
called validation and can be done in different ways. One way is to keep track of the different 
input variables over a time period. In the model these variables will continuously be 
transformed into output variables which we then can compare to the actual measured data. 
This kind of procedure will show that sometimes the calculated and the measured variables 
doesn’t match and that the model holds some degree of uncertainty. This uncertainty can be 
calculated by using the Monte Carlo Method which generates stochastic input variables, runs a 
number of simulations on the model, and counts the number of times the model was correct 
within the limits of the standard deviation [S. Hansen et al, 2000 and 
www.riskglossary.com/articles/monte_carlo_method.htm]. This is a somewhat simple procedure but when 
you are running this on large models with many variables, it can take a considerable amount 
of computer time and power to calculate.  
When an acceptable uncertainty of the model is determined, the model is validated.  
When the Monte Carlo method is carried out on the DAISY model it is usually limited to run on 
only a few parameters and not all. This is due to the extensive number of parameters in the 
DAISY model which would require lots of computer work to process. By experience it has been 
concluded that five parameters are the most dominant(in respect to the rest of the processes 
in the simulation) and uncertain in relation to calculating the groundwater’s content of nitrate. 
These parameters are: Precipitation – Geophysical parameters – Soil Organic Matter (SOM) – 
Manure Composition – Depth of the boundary layer between oxidized and reduced 
groundwater proportions [Source: www.vannetinorden.com/articles/dvf-arhus-jan20011.pdf, “Eksempel 2”]. 
 
The example shows how the results of such a Monte Carlo simulation are compared with 
statistical and deterministic values. The table shows the yield of different crops (the S. And W. 
letters stands for Spring and Winter respectively. CV stands for Coefficient of Variance) in kg 
dry matter(DM) per hectare per year: 
 
 
[Source: www.agsci.kvl.dk/~lastjej5/cv/publication/Chapter16+fig.pdf] 
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In this case the results of the Monte Carlo simulations are shown as mean values, but to give 
an example of the large actual uncertainties that the DAISY model can give when running 
Monte Carlo simulations on it, we will here show another case where the aim was to calculate 
nitrate concentrations in the upper ground water table (20m for Denmark [Source: Environmental 
Studies class]). The bold/black curve in the middle illustrates measurement data from 35 
catchments in the Karup, Denmark area while the gray curves represent the fraction of the 25 
Monte Carlo simulations that provided the given concentration-values. 
As the graph shows the DAISY model can give very big uncertainties which might seem 
surprising when we see it, so we can try to give it some explanation. The illustration below 
can be helpful for that purpose: 
 
 
The string of uncertainties connected to simulation models [Source: 
www.vannetinorden.com/articles/dvf-arhus-jan20011.pdf] 
This graph shows the frequency of the 
25 different Monte Carlo 
simulations(grey crosses) that provided 
a specific NO3-N concentration of the 
groundwater at Karup(Denmark) against 
the measured data(black boxes). [Source: 
www.vannetinorden.com/articles/dvf-arhus-
jan20011.pdf] 
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 Level1: As we saw in the beginning of this chapter, a model has different Input 
variables (in the case of the DAISY-1994 model there are 33 parameters divided into four 
groups: Weather data, Soil data, Plants and animal data and Land-use and management data 
[Source: http://saffron.rothamsted.bbsrc.ac.uk/cgi-bin/somnet-models]). These rely on measurements and 
the uncertainty is depending on the way the parameters are measure, for example of 
measuring the amount of fertilizers used, we just weigh the truck before and after application 
on a weight for big vehicles, and then subtract we would could get uncertainties of maybe 
50kg with +/- on the petrol used or filled in the meantime. 
 Level2: Then comes the next step which is the equations that uses the input data and 
interprets them into coefficients of change or some other values. Since they rely on data that 
is uncertain, they also become uncertain. And the equations that interpret data into 
coefficients will have even another uncertainty because they would have to make retention 
curves of the data. 
 Level3: The simulation done by the main module will have uncertainties involved when 
the further simplification of the input is implemented. The theory and the practical science is 
the limiting factor at this point and this is also the place where empirical-based sub modules 
are being used to interconnect different input from level2 simply because science is not 
detailed enough when it comes to such close-up evaluations. 
 Level4: The actual results will then span across a number of different values. 
  
 
Usage of simulation models 
During our research we have acquired information about different models applied in real-life: 
“DAISY is a mathematical model for simulation of crop production, soil water dynamics, and 
nitrogen dynamics in crop production at various agricultural management practices and 
strategies” [Source: www.agsci.kvl.dk/planteer/daisy/daisy.htm]. – MIKE SHE is an integrated dynamic 
model for simulating the hydrologic cycle in the surface water and the groundwater [Source: 
www.dhisoftware.com/mikeshe]. - MIKE 11 is the part of the integrated MIKE SHE model which 
deals with the water and nutrient transportation in river streams – INCA, Integrated Nitrogen 
in Catchments model. The project is about integrating plant/soil system models with nitrogen 
flow dynamics and then linking it to economic models to simulate the costs of environmental 
degradation in respect to N in hydrologic systems [Source: www.rdg.ac.uk.INCA] – Different soil 
organic matter models DAISY has been compared with: SOMM, ITE, Verbene, RothC, Candy, 
DNDC, Century and NCSOIL [Sources: www.rothamsted.bbsrc.ac.uk/aen/somnet/intro.html and 
http://saffron.rothamsted.bbsrc.ac.uk/cgi-bin/somnet-models]. 
 
Then we might ask ourselves why we at all take the time to make models of different 
applicability. What is it good for?  
Making models of systems is an attempt to understand and hence improve desired features. 
This could be in the aim of commercialism (applied science) or for mere research.  
Modelling systems is a useful instrument in learning more about the world and organizing 
ourselves in a more appropriate manner.  
An example of simulation models being used, is in the attempt to implement sustainable 
policies of catchment’s(areas where water is collected) management [Source: 
www.harmonit.org/overview/DSS.htm]. Catchment management is a difficult task because the quality 
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of the water depends on what goes into the watertable, and that could be from any sources 
such as industries, agricultural areas, oceans, urban areas or other. If you are a politician it 
can therefore be a difficult task to know on which sources restrictions or modifications should 
be made in order alleviate a problem of groundwater contamination without at the same time 
increasing a different problem (for example shutting down a factory that pollutes the 
groundwater would create unemployment of the workers). In this case research is being done 
in linking different models together to form one big integrated model able to simulate many 
different aspects of a defined system. So for example an integrated model could contain a 
submodel simulating how consumers would react from a decline in taxes on alcoholic products 
(their reaction would create a need to produce more at the breweries) and linking this to a 
submodel able to simulate the environmental impact in respect to surface waters. Then the 
politician can run a simulation like this (hypothetically):  
 
An Integrated consumer and environmental impact model 
Consumer submodel: taxes are reduced by 5% on alcoholic 
products -> breweries increase production by 20% -> 
overall increase in taxmoney to the city by 25%. 
Environmental impact submodel: point-source pollutants 
(breweries) increasing production by 20% will increase 
leaching from defect sewage pipes by 10% -> rivers with 
a weekly waterflow less than 10mio L will experience 
increase in ammonia concentrations by 30% causing 
invertebrate animals to die. 
 
Then the politician can evaluate if reducing the taxes on alcohol is desirable in respect to the 
simulated results that might follow. 
Integrated models are therefore highly desirable and the need for having international 
standards arises. It would overall just make it easier for model-builders to design models that 
have a high applicability, then they would be sure that (theoretically) it can interconnect to 
any models running the same standard – then output of one model would just be regarded as 
the input of any other. After contact with the people designing the DAISY model we were 
informed that this is a thing that they also hold in mind for their planned big change in the 
features of DAISY. By changing the interface of DAISY so it matches the standard of 
www.openMI.org it will theoretically be able to connect to any hydraulic system model. 
 
In the following chapter we will get more into detail with the DAISY model. 
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The DAISY model 
The DAISY model is a model that describes soil, atmosphere and plant relationships (with 
nitrogen dynamics) based on mathematical and physical theories and equations derived from 
different scientific practices such as hydrology, biology and pedology. Because it is based on 
theoretical assumptions rather than fitting onto empirical data, it holds a better widespread 
area of application, than is the case with purely empirically based models.  
The simulation model originates from a project within the framework of the former Danish 
NPO Research Programme as conducted by the Danish Environmental Protection Agency in the 
year 1990. It was performed at the Department of Agricultural Sciences, The royal Veterinary 
and Agricultural University, Copenhagen [Source: Hansen et al. 1990] The source code was 
originally written in FORTRAN 77 but have in 2000 been rewritten in C++ and their next big 
rewrite is going to be putting DAISY into DLL language [See Appendix A]. 
 
Since the DAISY model is quite comprehensive, the question of what is the best way to 
explain it clearly comes to mind. Even the short description used before is already a two-line 
sentence with strange long words: “DAISY is a mathematical model for simulation of crop 
production, soil water dynamics, and nitrogen dynamics in crop production at various 
agricultural management practices and strategies.” or “DAISY is only a deterministic multi 
pool model of the C and N turnover through the soil-plant-atmosphere system with first order 
kinetics and modifications [edit. …on various parameters].” [Both quotes are from 
www.agsci.kvl.dk/planteer/daisy/daisy.htm].  
A thing we can begin with is telling what scientific disciplines the DAISY model are the main 
contributors. Mathematics and physics are a kind of universal sciences which are the base of 
many (if not all) of the other natural sciences so it doesn’t really tell us anything when we say 
that DAISY is based on mathematics. Instead we can subdivide the specific categories into: 
Agronomy, Hydrology, Pedology (Soil Science), Plant biology, Microbiology, Meteorology and 
Soil chemistry [Source: www.dina.dk/~daisy/dina-2004-slides.pdf].  
 
Our focus in this report is on the use of DAISY in the attempt of preventing nitrate from 
leaching into the groundwater. Therefore we will mostly focus on the part of DAISY which 
deals with Nitrogen dynamics and then DAISY applicability to connect to other hydrologic 
models such as MIKE SHE. 
 
 
Description 
We can make a three-step description, starting of with a basic schematic drawing of the 
DAISY relationship and ending with the most exact representation provided in [Hansen, 
1990]. 
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This illustration shows only the most basic about the system. We can see that there is 
transportation of CO2, Matter(from soil to environment, or from bioclimate to environment, or 
environment and into vegetation – this could be organic matter or any chemicals), Water and 
Energy. 
 
This second illustration shows in more detail the specific processes. And also illustrates that 
DAISY incorporates a number of different crop-parameters. LAI stands for Leaf Area Index, 
this is an important parameter in terms of estimating transpiration from plants, but also in the 
area of calculating interception of the precipitation – finding out how much water evaporates 
from the leaves of the plants before reaching the soil. 
 
 
Illustration of the DAISY model with indications of the type of processes that occur. 
[Source: www.agsci.kvl.dk/~lastjej5/cv/publication/Chapter16+fig.pdf] 
Illustration of how Weather, 
Management, Atmospheric/Climatic 
and Aquatic-parameters are 
incorporated in the DAISY simulation 
engine (black-white-box). [Source: 
www.agsci.kvl.dk/~lastjej5/cv/publication/Chapte
r16+fig.pdf] 
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The DAISY model still in a simplified version, but the most appropriate for an A4 page. Global radiation, air temperature and precipitation are 
the driving variables of the model. The rectangles represent the models state variables, valve symbols represents processes in the model, and 
ovals represent helping and desirable (but not essential) variables. Broken lines represent exchange of information. [Source: Hansen, 1990, page 22] 
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Lets follow the string from precipitation to N-leaching. 
Dark clouds gather over the field and it starts to rain. The water lands in pools above soil 
(surface water), maybe there is leftover from irrigating so the pool can be quite large. 
Depending on the temperature and atmospheric water content, some of the water will 
evaporate while the rest will start infiltrating into the soil to become Soil Water. The amount 
of water that can infiltrate into the soil-water-pool depends on the amount of water already 
present, that’s why there is a broken line going back the Infiltration-box. When the soil 
contains water, this provides the opportunity of micro organisms to convert organic 
nitrogen(Org-N) into mineral nitrogen(NO3
--N or NH4
+-N), so we reach the process-box 
Mineralization. Last year the field was used for winter Barley, and because the stems were 
integrated into the soil when it was time for harvesting, the soil now contains a large amount 
of Soil Organic Matter (SOM). The micro organisms (fungi and bacteria. The end process of 
NH4
+ to NO3
- is carried out by Nitrosomonas) then converts this amount of SOM into mineral 
compounds. We can see a close-up of this interrelationship: 
 
Close-up of the nitrogen relations in the DAISY model [Source: Hansen, 1990, page 24] 
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Some of the nitrogen compounds go back to the atmosphere by denitrification, or in case of 
ammonia it is adsorbed by the negatively charged clay-particles. Other is taken up by the new 
crop to support its growth. Still some is going back to its organic-bound state to form proteins 
and nucleic acids. And then finally, depending on soil water still being present, some of the 
mineral nitrogen is lost by leaching. 
For perspective we can note that even though mineral-N plays such an important role in this 
system, nitrogen in the form of nitrate/nitrite or ammonia only make up a maxima of 1% in 
the soil layer. About 90% is org-N [Source: Hansen, 1990, page 89]. 
 
Now we have had a little dive into the specifics of the nitrogen cycle as it is interpreted in the 
DAISY model. To get a more complete view of DAISY we will go one step back and list the 
three main variables with their parameters: 
 
Variable Parameters measured 
Clime 
• Average air temperatures (daily measure) 
• Precipitation (daily measure) 
• Global Radiation (daily measure) 
• Potential evapotranspiration (daily measure but can 
also be simulated by the model) 
• Groundwater table (daily measure) 
Agricultural management 
[Partial source: Hansen, 1990, 
page 177] 
• Fertilizing(amount, type and if incorporated into soil or 
not) 
• Irrigation(amount, how(surface, overhead or subsoil) 
and amount of mineral fertilizer herein) 
• Tillage operations(type of operation: seed bed 
preparation, ploughing, rotavation, stubble cultivation or 
disk harrowing) 
• Sowing(name of the crop and date of sowing. Currently 
the crop types in DAISY are only calibrated for northern 
European conditions) 
• Harvesting(the date can be given to the model or 
simulated by it. Decide if the residuals are left or removed 
from the field) 
• Spraying(amount and type of pesticide used) 
Soil 
• Texture(what are the fractions of clay, silt and sand in 
the soil – on all horizons in the profile) 
• Humus content in each horizon 
• Maximum root depth in the soil 
• Location of the groundwater and whether soil is being 
drained 
[Source: “Data Requirements for the Daisy model” at www.dina.kvl.dk/%7Edaisy/ftp/daisy-req.pdf] 
 
Another aspect that might be important for the solution of our problemformulation, is the Soil 
Water submodel in DAISY. So lets have a look at that: 
As we have already witnessed, soil water acts as the reaction medium for the process of 
turning org-N into mineral forms of nitrogen. And soil water was also essential for the further 
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transportation of nitrogen when leaching. It is a fact that soil water acts like this towards 
several transformation or transportation processes in the soil. 
 
Soil water sub-model 
In the DAISY model [Hansen, 1990, page 41] the purposes of the Soil Water model are three: 
1) provide values of soil water content – 2) provide pressure potential of soil water – 3) 
calculating plant uptake of soil water and the vertical flow of water in the unsaturated zone. 
An assumption is made when we state that the soil is considered as a continuum in which the 
water flows in the same way. This means that we disregard the possibility that there are some 
places in the soil where water is moving faster or slower than other places. 
To show the increasing simplification of system models when they try to tell details, we will 
briefly dig a little deeper into the Soil water model: 
 
 
 
 
 
 
 
 
 The soil water model is based upon the Richards equation which assumes that the flow 
in any unsaturated zone takes place in one dimension only (by laws of gravity, water is then 
assumed to move in the vertical horizon only). This is calculated by the use of this equation:  
 
 The water retention is a characteristic that the soil water model has. It is a way to 
express the specific hydraulic functions in terms of soil water dynamics and pressure 
potential, and thus it provides a single-valued function that connects volumetric soil water 
content with pressure potential. The simplification in this equation lies in the fact that 
hysteresis (a phenomena of Physics: for example the fact that when water leaks away, it will 
cause a decline in pressure and due to the properties of the soil it will take much longer time 
to regain to the original pressure-level) is disregarded [Source: Hansen, 1990, page 42]. 
 The function for the hydraulic conductivity of the soil assumes that the conductivity is 
related to the pores in the soil. It assumes the pores of the soil to be of various sizes and that 
the distribution of differently sized pores is random throughout the soil. Then assigning pore-
classes according to the size of each pore (equally random distribution), the flow within each 
class of pores can be calculated by using the Poiseuelle equation [Hansen, 1990, page 43]. 
The text does not say how many classes are appointed, but we think that the uncertainty of 
such a function must be related to the number classes – the more pore classes the soil is 
Soil water model 
Richards equation 
Water retention charachteristic 
Hydraulic conductivity 
[Source: Hansen, 1990, page 45] 
[ ]
[ ]
[ ]
[ ]
( )[ ]
[ ]stimet
sOHmmtyconductivihydraulicK
smmtermkvolumetricS
mdirectionflowincedisz
mpotentialpressure
mmcontentwatersoilvolumetric
=
=
=
=
=
=
−
−
−−
−
11
2
2
133
33
sin
tan
ψ
θ
Nitrogen Leakage part 2 Page 41 
 
A view of the soil types around Europe 
 [Source: www.fao.org/ag/agl/agll/wrb/wrbmaps/htm/soilres.htm ] 
divided into (and with individual Poiseuelle equations to each pore class), the more precise 
this function would be in determining the actual conductivity. 
All of these functions/equations are in their essence completely uncertain because they rely on 
assumptions. However, they are valid because they provide results that can be compared to 
real values and statistically proven to be within certain limits and therefore valid. 
 
 
DAISY and application 
Now that we have had a slightly compressed 
description of the theory and conventional background of 
DAISY, we will in this chapter focus on the 
usage of DAISY.  
For that purpose we have chosen to begin with this picture which is an extract from “Map of 
World Soil Resources 1:25 000 000” (by the Food and Agriculture Organisation of the United 
States (FAO) together with Unesco). It shows that Denmark is partly light green and partly 
light pinkish, indicating that the dominant soils are Podzols, Histosols (PZ) and Luvisols, 
Cambisols (LV) respectively. What we can use this information for is to say that DAISY’s area 
of potential usage applies for parts of the world where the same types of dominant soil are 
prevailing. From the picture we see that it would suggest parts of France, England, Ireland, 
Marokko(however since the climate is very different, there might be new parameters and 
variables needed in the model before usage), Sweden, Norway, Finland and parts of northern 
Russia. 
Some students here from RUC have previously tried research whether or not it would be 
possible to implement the DAISY model in Greece with the resources available [Source: Merkel, C. 
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et al, 2002]. Their research however showed that the information available in the Greek 
agricultural and environmental society was insufficient for the DAISY model to work. 
DAISY have already been widely evaluated and validated and compared to other models and 
so on. We will bring some examples. Below is a figure of one of these evaluations of DAISY, it 
is from [Hansen, S. et al, 2001] and shows the nitrate concentrations at different depths in 
the soil – the gray area being that of the simulations with incorporated ±1 standard deviation 
value, and the vertical rulers indicate the measured data and same standard deviation. 
 
 
However the amount of measurement data to correspond the simulations, is not enough in 
this case. But a thing that we can note is the strangeness and unfamiliar (to a high school 
student) type of function which moves in what seems to be random movements over time 
plus the idea of a time depending standard deviation value. At May June 1989 there is a large 
standard deviation, when what just looks to be 5 days, the standard deviation turns very 
small. Looking at the places where measurement data is present we can see that the 
simulation looks to be following a pattern of some kind. 
Examples from other sources include this from [Jensen, L. S. et al, 2001] 
Figure of simulation 
results on nitrate 
concentrations compared 
with original measure data. 
[Source: Hansen, S. et al. 2001] 
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Soil Microbial Biomass(SMB) is the part of the soil which consists of living microorganisms. 
And we see that DAISY on overall seems to provide us with fairly precise simulations. 
 
Version history of DAISY 
Since the DAISY model is an ongoing research which continues to modify itself there are many 
different versions of DAISY, most of them though with extremely minor differences. But of the 
few big changes of the DAISY, it is worth mentioning that while originally designed on a 
FORTRAN 77 computer language back in 1990, it was completely rewritten in C++ in 2000. 
The rewrite made the model interface more accessible for the user and making it a more 
flexible agroecosystem model [www.dhisoftware.com/mikeshe/Download/old/DAISYintroduction.doc]. 
Furthermore the rewrite has enabled the feature of Intercropping, meaning that it is possible 
to assign upto five different crops on one field. By evaluating the precipitation and nutrient 
uptake potentials connected to each crop, DAISY is able to simulate a competition between 
the different crops to find out which will dominate. 
By having contacted the DAISY-research unit at the Royal Veterinary and Agricultural 
University, we have also discovered that the next big feature change will be changing the 
MIKE SHE interface (the part of the DAISY model which connects to the input of MIKE SHE) 
into an international standard called openMI.org, which would theoretically allow DAISY to be 
coupled to any hydrologic model compliant with openMI.org.  
 
On the computer 
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When DAISY have been opened on a computer the next is to fill it with all the information it 
needs to run a simulation. We are not going to list all of these variable-names, but instead 
show a schematic view of the process:  
 
So to summarize the situation: we are in the part of the DAISY programme which deals with 
Agricultural Management information. We are asked to specify how we use the field (Land 
use) and we select that we use it for crop rotation. Then we are asked to specify which crops 
we use and subsequently the activity of each crop (if we are harvesting, sowing, spraying it 
with pesticides etc.). And so on until the DAISY model has enough information to run. 
 
Incorporation with other models 
From the literature that we have found, the most popular coupling of DAISY is with the 
hydrological model MIKE SHE. Thereby allowing the tracking of output-parameters from 
DAISY (such as nitrate, pesticides or other elements in the soil water) and how these interact 
in the wider hydrological cycle provided in the MIKE SHE. 
A schematic view of the hierarchic way that “Land use”-information is given to the DAISY 
model. [Source: DaisyGIS User Manual, Jauary 2004] 
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The MIKE SHE model is a physically based model meaning that the equations being used, with 
few exceptions, are non-empirical [MIKE SHE, 2001]. It is an old model and has thus been 
evaluated and validated a number of times and is now regarded as a rather implemented 
model. The last name SHE derives from Système Hydrologique Européen which is a European 
development initiated more than twenty five years ago. 
Only the coupling of MIKE SHE with DAISY is considered in our case, but since the only thing 
that is needed for the coupling, is a match between the output of one model against the input 
of the other. In the case of hydrological cycle modelling, the desired input is of course 
something that has to do with water, but not all Soil Organic Matter(SOM) models provide 
such output. From the table below can be seen which models do: 
 
 
 
 
 
 
 
Schematic view of the MIKE SHE model. The vertical column represents the area 
that the DAISY model covers. [Source: MIKE SHE Code Verification and Validation, 2001] 
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Comparison of Soil outputs between DAISY and a number of other SOM models. The group: DAISY, 
CANDY, CENTURY, VERBENE, RothC, NCSOIL, DNDC and SOMM are models known t provide the most 
accurate simulation results[Smith, 1997]. 
[Source for table: http://eco.wiz.uni-kassel.de/model_db/mdb/somnet/soil_output.html] 
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Discussion/Conclusion 
The problem formulation for this report is:  
> What is the usefulness of DAISY in the attempt to reduce groundwater contamination? 
--> Is DAISY at all relevant, isn't it obvious that the more nitrate we use on the fields, the 
more nitrate leaches to the groundwater? 
The answer to this kind of question would be in a form like: A set of guidelines describing in 
which way the DAISY model could be used in a counter-groundwater contamination 
programme. This is a political or environmentally-active-group, kind of solution. It doesn’t 
require that we go into some weird and complicated scientific theory, making postulate after 
postulate and draw curves of different relationships. In that way it fits nicely to the theme of 
the project which is more focused on the sociologic aspects than technologic science in 
particular. 
 
So lets try to answer it using the theory that this report holds. 
• We know that agriculture is the single largest user of artificial nutrients like fertilisers, 
and that the usage (of N-fertiliser) has increased about 10fold worldwide since around 
1950. 
• We know that the crops on the fields have increased in seasonal yield for this reason, 
but in most cases do not consume all of the nitrogenous fertiliser distributed. 
• We know that the soil consists of pores of different sizes, and that water only flows 
within the macropores which has a size of more than 0,08mm [Merkel, 2002]. 
• We know that the soil is able to immobilize ammonia because of the negatively 
charged humus/clay particles, but at the same time provides free passage for the 
transportation of nitrates and nitrites.  
• We know that the groundwater can be found as far as 100km below surface which 
gives opportunity of many elements in the water to be filtered. 
• We know that when nitrates enter the groundwater table, then when people drink it, it 
can cause nitrate contamination. 3g of nitrate at instantaneous absorption will cause 
death for even the toughest human. And children are more sensitive because their 
water intake per body weight-ratio is larger than for adults – resulting in oxygen 
deficiency known as Hypoxia, Methemoglobinemia or Blue Baby syndrome. 
• We know that models can be used to describes systems within the world and that the 
DAISY model can be coupled with MIKE SHE to create an integrated model 
representing both the agricultural and the hydrological systems of the world (currently 
only calibrated for northern European conditions). 
 
Holding all this together we can say that since it can be expected that the nitrate levels of the 
groundwater areas around the world will continue to rise for yet a number of years, it would 
be desirable to use the DAISY+MIKE SHE coupling to try to find places of the world where a 
slight decrease in the local use of pollutants would provide the highest beneficial effect on the 
groundwater table. This combination of slight decrease on something and high gain on 
something else, is in general a characteristic that we think would appeal for most decision 
making politicians, and therefore the chance of actually being implemented into reality is 
much higher. 
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We could say that it is obvious that the more nitrate we use the more will flow to the 
groundwater and cause pollution. However it is not so obvious that an instantaneous decrease 
in the use of fertiliser will produce an acceptable drinking water quality. For this relationship 
to be proved, the need for integrated system models is created. 
A final plot to make: Pay attention to nitrate because it is a serious threat to society. 
 
 
Evaluation 
This project was about systems, and during the work a thing that occurred to us that maybe 
that is also what this semester has been all about. A semester where we would have time to 
develop the internal systems, overcome the practical problems involved in organising and 
doing a project like this. Systematise the writing so that everyone uses the same fonts and 
style to speed up the process of putting a report together before revising. Systematise 
meetings so they are not wasted, etc. 
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